8PLANT PHYSIOLOGY using a reciprocal grafting experiment. The materials studied were cherry-red and redi-free selections from N. tabacum cv. 401 and their hybrids with N.
The changes in nucleic acid content which occur (luring the germination of a variety of plant species have been studied by numerous investigators. The results from such investigations have not, however.
led to a clear understanding of the importance of the reserve nucleic acid present in the storage organs of the seed, and the mechanisms Nvhereby this reserve is used by the growing embryo. Oota and Takata ('16) suggested that the RNA reserve of bean cotvledons was moved as intact macromolecules into the hypocotyl, whereas Barker and Douglas (1) l)orted fa-r the germination of cereal grain, where the physical boundary between the storage reserves of the endosperm an(d the embryo I)resents an additional complication. 'Matsushita (14 ) concluded that RNA wvas degraded in wheat endosperm prior to transport into the embryo, while Ledoux and Huart (12) reportecl that in germinating barley the RNA move(l as macromolecules. An investigation of the changes in soluble nucleotide content of the endosperm (luring the germination of barley led Ingle (5) to conclude that degradation of the endosperm RNA (lid occur prior to its utilization by the embry'a. This study also showed that the utilization of endosperm reserve could account for only a small percentage of the nucleic acid] increase which occurred, indicating the importance of a (le novo synthesis of nucleotides and nucleic acids (luring this early stage of germination.
Degradation of reserve RNA is indicated by the demonstrationn of an inlverse relationship between the level of ribonuclease activity and the RNA content of the storage organ (11, 14) . Furthermore, a large increase in 3'nucleotidase activity, an enzyme intimately associated with ribonuclease in the degradation of RNA, has been reported during the germination of wheat (18) . Recently, however, it has been shown that the normal determination of ribonuclease activity represents the sum of 2 different enzymes (15, 20) . These 2 enzymes have very different properties (21) , and presumably have different metabolic functions within the cell. These findings, together with the observations relating ribonuclease activity to growth (17) and to RNA content (9, 10, 11) , suggest the possibility that ribonuclease may have functions other than the degradation of RNA.
The distribution and changes in soluble nucleotides, RNA and DNA were determined in the endosperm, scutellum, and axis to ascertain the importance of the utilization of reserve nucleic acid by the growing embryo during the germination of corn. The activities of ribonuclease and 3'nucleotidase were also determined in an attempt to elucidate the mechanism of this utilization, and to consider the significance of the relationship between ribonuclease activity and RNA content.
Materials and Methods
Hybrid corn (Zea mays, WF9 X M14) was germinated and harvested as previously described (8) .
Young, meristematic tissues were obtained from the root tip (0-2 mm or 0-5 mm) and from the shoot (5 mm either side of first node, total 10 mm). A tissue containing rapidly elongating cells was obtained from the root tip (2-4-mm section). Older, mature tissues were-obtained from the root (a 10-mm section taken 30-40 mm from tip) and from the first internode of the shoot (a 10-mm section taken 20-30 mm from the first node).
Protein, soluble nucleotide, RNA, and DNA were extracted from the axis (root plus shoot), scutellum, and endosperm and estimated as previously described (8 (20) . The activity at pH 5.8 will subsequently be referred to as total ribonuclease. The activity thus measured represented the sum of activities of 2 enzymes, ribonuclease-A and ribonuclease-B, having pH optima at 5.0 and 6.2, respectively (20) . The With growth of the axis the changes of these 3 components followed a similar pattern, with a lag during the first 24 hours and then a steady increase over the next 4 days. The relatively small changes which occurred during the first day were those which preceded cell division (8) , as indicated by the constancy of the DNA content. The large increase in DNA between the first and second days indicated the start of cell division, and thereafter the DNA, RNA, and soluble nucleotide contents increased at the growth rate (8) .
The soluble nucleotide content of the scutellum nearly trebled during the first 3 days, and then remained constant. The RNA content, after a small drop during the first 24 hours, increased to a maximum on the fourth day, and then decreased. The DNA content of the scutellum increased during the first 2 days, and then remained constant.
The nucleotide and RNA content of the endosperm remained practically constant over the germination period. The variation shown in table I was due to the experimental error of estimation of these constituents from the endosperm material. Although the nucleotide and nucleic acid content of the -endosperm appeared large in absolute terms relative to the axis or scutellum, it represented only 0.03 % of the dry weight of endosperm in comparison with 2.0 % found for the embryo.
The changes in the whole seedling showed that a large de novo synthesis of nucleotides, RNA, and DNA occurred during this early stage of germination, accounting for the total increase of these components.
Distribution and Changes in Ribonuclease and 3'-Nucleotidase during Germination. The total ribonuclease activity of the axis increased 340-fold over the germination period (table II) . The activity increased at a rate much faster than the total protein for the first 3 days, but then slowed down approximately to the rate of total protein synthesis. The changing ratio of ribonuclease activity at pH 6.0 to pH 5. of 3'nucleo~tidase in the axis showed the same general trend as total ribonuclease. In the scutellum, both total ribonuclease and 3'nucleotidase activity decreased during the first day, and then increased for the next 4 days, the 3'nucleoticlase at a slightly faster rate. The ratio of ribonuclease activity at pH 6.0 and pH 5.2 remained remarkably constant, around 0.80, throughout the period. The endosperm from the 4-hour sampling containe(l considerable total ribonuclease activity, which increased to a maximum around the fourth lay. However, due to the decrease in total protein of the enclosperm during the latter l)art of tbe germination period (8) , the specific activity of ribonuclease continued to increase over the whole period. The ratio of activity at pH 6.0 to pH 5.2 remained constant throughout. with a mean value of 0.64. The 3'nucleotidase activ-itv of the endosperm was initially very low relative to ribonuclease, but it increased more rapidly from the second to the fifth daly.
Ribon uclease anld 3'Nncleotidasc Acetiziti, in Root Sections of Differing Physiological Age. The specific activity of both enzymes was several-fold higher in the elongating cells of the 2-to 4-mm section than in tile (table III) . Total ribonuclease activity was still higher in the mature cells, whereas 3'nucleotidase activity was less in the mature cells than in the region of cell elongation. The ratio of ribonuclease activity at pH 6.0 to pH 5.2 was considerably higher in both the elongating and the mature cells than in the meristematic region.
Relationship between Total Ribonnclease Activity and RNA Content. The ratios of the total ribonuclease activity to the RNA content for the axis, scutellum, and endosperm over the germination period are given in table IV. This ratio increased 40-fold in the axis during the first 4 days of germination. In the scutellum, the ratio showed a 5-fold increase, while in the endosperm it remained practically constant after an increase during the first day.
The distribution and relationship of total ribonuclease activity and RNA content in the axis of a 4-dayold seedling is shown in table V. As already noted in table III, the mature region of the root contained considerably more total ribonuclease activity than the young meristematic region, but less RNA; thus, the ratio of these 2 components was 10 times higher in the mature than in the meristematic region. Similar ratios resulted from a comparison of young and mature regions of the shoot.
Discussion
The data show that little nucleotide or nucleic acid was stored in the corn grain (var. WF9 X M14). The increase of nucleotides, RNA, and DNA, in the growing axis was therefore by de novo synthesis. The scutellum and endosperm did not serve as a reserve source of nucleic acid or nucleotides for the embryo, based on changes in nucleic acid and nucleotides of these organs over the experimental period. There was, in fact, an increase in RNA and soluble nucleotide content of the scutellum, which paralleled the changes in dry weight, protein, soluble protein, and amino acid content previously reported (8) , indicating the synthetic activity of the scutellum during germination. The results suggest that the synthesis of nucleotide material occurs entirely in the growing axis, although the possibility of synthesis in the scutellum or endosperm followed by translocation into the axis cannot be ruled out.
Nucleic acid metabolism therefore differs fundamentally from protein metabolism during germination, since the seed normally contains sufficient endogenous protein to support growth of the embryo over this period. These data and the previous work with barley (5) suggest that the nucleic acids stored in the endo- (2), and a similar decrease in the RNA content of the endosperm plus scutellum in which 90 % of the RNA was lost (19) have been reported. As previously discussed (7), however, it is thought that the method of RNA extraction and estimation used by these workers was unsuitable for the tissues under investigation, and is responsible for the differences in the results.
The large increase in total rilhonuclease activity which accompanied germination is in agreement with the work of others (1, 11, 14) . At present, there is very little information on the nature of this increase in enzyme activity, whether it is due to a synthesis of the enzyme or to a release or activation of an existing protein. Experiments with corn mesocotyl tissue have, however, shown that the increase of ribonuclease activity is prevented by such inhibitors as actinomycin D, puromycin or 8-aza-quanine (17) . suggesting that protein synthesis is required for the increase of activity in embryo tissue. Matsushita (14) concluded that the increase of ribonuclease activity in the wheat endosperm was also due to protein synthesis, since the seeds initially contained a definite activity, which could not be increased by different extraction procedures. The results from the present investigation. however, suggest that the increase of ribonuclease activity in the corn endosperm was due to a release of enzyme, since short incubations with a high salt buffer extracted the maximal ribonuclease activity from the endosperms of ungerminated seeds (6) .
The determination of total ribonuclease activity by the degradation of RNA to acid-soluble products represents the sum of at least 2 different enzyme activities. Matsushita (15) found the ribonuclease of the endosperm and of the root cytoplasm to have different properties from the ribonuclease of the microsome fraction of the roots of wheat seedlings. Wilson (20) has recently described the isolation of 2 similar enzymes from corn, and has also studied their specificity of action (21) . Ribonuclease-A, the soluble enzyme with pH optimum at 5.0, produced mainly the nucleoside 2', 3-cyclic phosphates from the digestion of RNA, whereas ribonuclease-B, the particulate enzyme with pH optimum at 6.2, produced largely the nucleoside 5'-phosphates, and furthermore was not specific for RNA, degrading DNA with equal ease. The ratio of ribonuclease activity at pH 6.0 to pH 5.2 enables the relative changes of these 2 enzymes to be followed through the germination period. The constancy of this ratio, at 0.64, in the endosperm, is in agreement with the results of chromatographic analysis of enclospermal ribonuclease, which showed the presence of only ribonuclease-A in this organ (6) . The ratio of 0.80 observed for the scutellum indicates the presence of some ribonuclease-B, about 10 % of the total activity, and the constancy of the ratio during germination shows that both ribonuclease-A and ribonuclease-B increase at approximately equal rates. The change of this ratio during the growth of the axis, from 0.77 to 1.26, indicates the importance of ribonuclease-B cluring development. This enzyme increases at a much faster rate than the ribonuclease-A, increasing from approximately 10 % to 70 %, of the total ribonuclease activity (luring the 5 days of growth. The increase of ribonuclease-B activity with development is also indicatecl from the experiments with root tissues of differing physiological age. The meristematic cells containedl largely ribonuclease-A activity, whereas tissues composed of elongating and mature cells contained a much higher proportion of ribonuclease-B activity.
Preliminary experiments with corn embryos had indicated a very close correlation between 3'nucleotidase and total ribonuclease activity. Furthermore, 3'nucleotidase and ribonuclease-B have certain properties in common; both are very unstable, both are elutedl from carboxymethyl-cellulose columns in the same fraction, and both cleave a 3'phosphoester bond. These similarities suggested that the 2 enzyme assays may be different measures of the same enzyme activit). The data presented in table II (endosperm section) suggest, however, that 3'nucleotidlase is a separate moeity, since 3'nucleotidase activity per endosperm increased 7-fold (luring the 5-day period while the ribonuclease pH 6.0:5.2 ratio remained constant.
In addition, no ribonuclease-B activity was observed on carboxymethyl-cellulose chromatography of endosperm extracts (6) .
Correlation between ribonuclease activity and IRNA content has been noted by several workers (1, 10) . The results of the present investigation show a similar qualitative correlation, both total ribonuclease activity and RNA content increasing in the corn axis, but the data in table IV show the correlation to be far from quantitative. The total ribonuclease activity initially increases at a rate much faster than RNA content. The results indicate that the ratio of ribonuclease to RNA increases with maturation of the tissue, which agrees with the data from the comparison of young, meristematic tissues with older, mature tissues (table V) . Similar changes have been reported by Barker and Douglas (1) for germinating peas, andl they suggest that the appearance of ribonuclease activity prior to the increase in RNA indicated a synthetic function for the enzyme. Since the total ribonuclease activity is composed of at least 2 distinct enzymes, it is necessary to establish whether the synthetic activity is unique to one of them. The distribution of the 2 ribonuclease activities in the seedling, and their relative changes during germination, suggest ribonuclease-B to be the metabolically important enzyme. A similar conclusion was reached by Kessler and Engleberg (9) who observed a positive correlation between RNA content and microsomal ribonuclease activity (ribonuclease-B), but a negative correlation between RNA content and soluble ribonuclease activity (ribonuclease-A) in developing leaves.
The observed correlation between RNA content and ribonuclease activity need not, however, implicate ribonuclease activity in RNA synthesis. The work of Elson (3) has shown ribonuclease activity to be intimately associated with ribonucleoprotein structure, which in itself, could account for such a correlation.
The increases of total ribonuclease activity in the scutellum and endosperm show no correlation with RNA content. The small amount of ribonuclease-B activity present in the scutellum could be related to the metabolic activity of this organ, in terms of the small increase in RNA content during germination. The presence of only ribonuclease-A activity in the endosperm suggests this enzyme to be responsible for the degradation of storage RNA, although the endosperm of corn contains very little such reserve. The high stability of ribonuclease-A activity suggests that it remains in the tissue after its period of metabolic importance, and further investigations are being undertaken on the development and maturation of the corn kernel in order to elucidate the significance of the high enzyme activity. Summary
The soluble nucleotides, RNA, DNA, total ribonuclease, and 3'nucleotidase were determined in the axis, scutellum, and endosperm of corn at daily intervals during a 5-day germination period. The results showed the corn kernel to contain little reserve nucleic acid; the increase of nucleotide and nucleic acid material in the growing axis being due to de novo synthesis.
Large increases in total ribonuclease and 3'nucleotidase activities occurred in the axis, scutellum, and endosperm. A semiquantitative evaluation of ribonuclease-A and ribonuclease-B, showed the latter enzyme to be largely confined to the axis, with small amounts present in the scutellum; whereas the endosperm contained only ribonuclease-A.
Tissues containing young, meristematic cells were found to have low enzyme activities and a low ratio of total ribonuclease to RNA relative to tissues containing older, mature cells.
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